Traumatic spinal cord injury (SCI) is a devastating injury causing significant morbidity and mortality. Experimental studies have demonstrated that SCI induced cellular damage and disruption of the blood-spinal cord barrier can initiate an autoimmune response. This response is thought to be pathogenic and contribute to poor outcome. The objective of this research was to investigate whether human SCI mounts an autoimmune response to self-antigens. Plasma samples were collected longitudinally from SCI patients (n = 18) at acute (T1, < 48 h) and subacute (T2, 2-4 weeks) time points to probe western blots of human brain homogenates in order to screen patients for the presence of putative autoantibodies. To identify the corresponding antigens, two-dimensional gel electrophoresis, western blot and liquid chromatography coupled with mass spectrometry (LC-MS/MS) analyses were performed. We found that four of 18 patients (22%) had novel immunoreactive bands ranging in size from 36 to 42 kDa present in subacute, but not in acute, plasma samples suggesting postinjury production. To identify the cross-reacting antigens, we separated brain proteins by two-dimensional gel electrophoresis and identified nine immunoreactive spots. Amino acid sequence analysis of these spots identified peptides that mapped to glial fibrillary acidic protein. Our results suggest that ∼ 22% of SCI patients generated autoantibodies to glial fibrillary acidic protein. Future studies will be required to determine whether these autoantibodies contribute to the pathogenic sequelae of SCI. NeuroReport 27:90-93
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Introduction
Traumatic spinal cord injury (SCI) is a devastating injury that can profoundly alter quality of life. Deficits resulting from SCI can be permanent and, at present, there is no cure for SCI. Experimental studies have shown that SCI can initiate a B-cell-mediated autoimmune response leading to autoantibody production. For example, Popovich and colleagues reported that experimental SCI caused autoantibody production to DNA, RNA, and several central nervous system proteins, which contributed to exaggerated tissue damage and poor functional outcome [1] . Furthermore, injection of IgG purified from SCI mice into uninjured mice resulted in poor motor outcome and spinal cord pathology similar to that seen in SCI mice [2] . In a study of chronic SCI patients, the group mean autoantibody titer to GM1 ganglioside was significantly elevated relative to healthy controls, with six of 24 (25%) SCI patients' titers exceeding the threshold of the control mean 3 SD [3] . In an effort to identify other autoantibodies that may contribute to human SCI pathology, we used western blotting to screen plasma samples from SCI patients.
Methods
The protocol for the use of human subjects was reviewed and approved by the University of Texas Health Science Center Committee for the Protection of Human Subjects. Blood samples were obtained with subjects' informed consent. Adult subjects with nonpenetrating SCI and no history of other neurological disease, injury, recent infection, or cancer were enrolled in the study. Plasma was collected within the first 48 h of SCI (T1) and again between 2 and 4 weeks after injury (T2) to perform within-patient comparisons to identify changes in antibody cross-reactivity that may indicate autoantibody production. These time points were chosen as IgG production typically peaks between 2 and 3 weeks after presentation of an antigen [4] . Patient demographic and clinical information are shown in Table 1 .
Human cadaver brain tissue was obtained from the UTHealth Willed Body Program (Houston, Texas, USA) and was frozen at − 80°C. Western blots were performed on Immobilon-P membranes using diluted plasma (1 : 1000) as the primary antibody, a goat anti-human alkaline phosphatase-conjugated secondary antibody, and immunoreactive bands were detected using the chemiluminescent substrate CDP-Star. To identify crossreacting self-antigens, large format (20 × 22 cm) twodimensional (2D) gels (Kendrick Labs, Madison, Wisconsin, USA) and western analysis were performed [5, 6] . Gels were run in duplicate; one for western blotting and one for Coomassie staining. A section of the PVDF membrane surrounding molecular weight 42 kDa was used for western blotting with T1 and T2 plasma to minimize use of reagents. Immunoreactive spots with signal intensities that were higher when probed with the T2 sample as compared with the T1 sample from the same patient were selected. The corresponding spots from the Coomassie-stained gels were carefully cut out for liquid chromatography coupled with mass spectrometry (LC-MS/MS) identification. Gel punches were washed, rehydrated, and trypsin digested. The peptide mixture was analyzed by LC-MS/MS using a NanoAcuity UPLC coupled to a Q-TOF Ultima API MS (Micromass/ Waters, Milford, Massachusetts, USA), as previously described [7] . A Mascot and ProteinLynx Global Server (PLGS) database search provided a list of proteins for each gel spot. The MS/MS spectra of proteins identified by either one peptide or a Mascot score lower than 25 were verified to eliminate false-positive results.
Results
Pictures of representative western blots from two SCI patients are shown in Fig. 1. Figure 1a shows a patient that had no substantial change to the immunoreactive band pattern detected when total brain proteins were probed with plasma collected at acute (T1) and subacute (T2) time points after injury. In contrast, Fig. 1b shows the results from a patient in which there was a large increase in staining of the band at 36 kDa, and the appearance of a new immunoreactive band at 42 kDa, suggesting the postinjury generation of autoantibodies. Screening of T1 and T2 plasma from a total of 18 SCI patients identified four subjects (22%) that demonstrated increased staining of protein bands between 36 and 42 kDa.
To identify the self-antigen(s), we probed blots of total brain extracts separated by 2D gel electrophoresis with T1 and T2 plasma. Pictures of representative western blots ( Fig. 2a and b) revealed several immunoreactive spots with higher signal intensities when probed with the T2 plasma as compared with the T1 plasma from the same patient. Selected immunoreactive spots (1-9 in Fig. 2b ) were matched to a corresponding Coomassiestained 2D gel (Fig. 2c) , and carefully excised for LC-MS/MS analysis. Mass spectrometry results for spots 1-9 are presented in Table 2 , showing peptides that mapped to glial fibrillary acidic protein (GFAP) were present in all spots. Searches of the Mascot and PLGS databases revealed that 81% of the identified unique peptides (131 of 161) mapped to human GFAP. The remaining peptides may have resulted from contamination of nearby proteins. For example, a minority of peptides that mapped to β-actin were present in spots 5 and 6. However, when we reprobed the blot with antibodies specific to β-actin, we determined that the immunoreactive signal 
No sensory or motor function is preserved in the sacral segments S4-S5. B = Sensory incomplete. Sensory but no motor function is preserved below the neurological level and includes the sacral segments S4-S5 and no motor function is preserved more than three levels below the motor level on either side of the body. C = Motor incomplete. Motor function is preserved below the neurological level, and more than half of key muscle functions below the single neurological level of injury have a muscle grade less than 3. a American Spinal Injury Association. did not colocalize with the location of spots 5 and 6, but rather an abundant adjacent spot (Fig. 2c, marked by an asterisk, data not shown).
Discussion
Our 2D gel and LC-MS/MS results indicate that the examined protein spots contained GFAP, although their molecular weights slightly varied. The molecular weight and isoelectric point diversity of the GFAPimmunoreactive spots could have resulted from different post-translational modifications, breakdown of fulllength GFAP in the post-mortem tissue, or from alternatively spliced variants of GFAP. At least eight GFAP isoforms (α,γ,δ/ε,κ, Δ135, Δ164, Δexon6, Δexon7) have been described in the human brain [8, 9] . Multiple GFAP isoforms and their post-translational modifications have previously been shown to occur in staircase-like patterns in brain tissue on 2D gels [10, 11] . Post-translational changes, including glycosylation, phosphorylation and increased GFAP expression, are thought to be from astrogliosis, tissue damage, and inflammation [11] . Alternatively, degradation of GFAP in post-mortem brain could give rise to a change in protein spot migration.
Previous studies have shown that while most proteins are reasonably stable over time in the post-mortem brain, the abundance of different GFAP spots changed in relation to post-mortem interval, even at 4°, indicating that GFAP is particularly susceptible to degradation [12] . Thus, some of the cross-reacting spots could be breakdown products, alternatively spliced GFAP or posttranslationally modified forms of GFAP present in the tissue sample. Although autoantibodies to GFAP have been detected in patients following traumatic brain injury and in persons with other neurological diseases [13] [14] [15] [16] , this is the first study to demonstrate that autoantibodies to GFAP occur after SCI.
One limitation of this study is that the incidence of GFAP autoantibodies in our study population (22%) is limited by the small sample size and the time points chosen for analysis. In a traumatic brain injury study evaluating 53 severely injured patients, a higher incidence of autoantibodies against GFAP has been reported [16] . Although we detected GFAP autoantibodies only in patients with an American Spinal Injury Association grade A (4/12; 33%), the incidence in milder injury grades could not be determined because of the limited number of patients in those grades (Table 1) . At present, it is not clear whether GFAP or a GFAP breakdown product (proposed biomarkers in central nervous system injury) released as a result of SCI initiated the autoantibody response [16, 17] . Previous studies have reported that GFAP can be detected in the serum of SCI patients where it can elicit an immune response [18] . Alternatively, an immune response could have been initiated within the injured spinal cord itself where the blood-spinal cord barrier is disrupted and the concentration of released GFAP/GFAP breakdown products are likely to be substantially higher. Another limitation of the current study is that the consequences of autoantibody production on outcome have not been investigated. GFAP autoantibodies in SCI patients may interfere with the ability of GFAP to assemble into its functional filamentous structure, resulting in malfunctioning astrocytes. As astrocytes are intimately linked to blood-spinal cord barrier function, this could lead to prolonged disruption in barrier function. In addition, impaired astrocyte function may cause inefficient removal of extracellular glutamate, which could exacerbate tissue damage. Alternately, GFAP autoantibodies could serve a protective role by limiting glial scar formation, a major hindrance to axonal regeneration post-SCI. Future studies will address these interesting possibilities.
